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(Semidefinite Programming, SDP) ,








, , . ,
SDP [2].





, SDP . ,
. 3 , .
, 4 . ,
,
. , NT (Nesterov-
Todd [8] $)$ , $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}(\mathrm{H}\mathrm{e}\mathrm{l}\mathrm{m}\mathrm{b}\mathrm{e}\mathrm{r}\mathrm{g}-\mathrm{R}\mathrm{e}\mathrm{n}\mathrm{d}\mathrm{l}-\mathrm{V}\mathrm{a}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}\mathrm{b}\mathrm{e}\mathrm{i}-\mathrm{W}\mathrm{o}\mathrm{l}\mathrm{k}\mathrm{o}\mathrm{w}\mathrm{i}\mathrm{c}\mathrm{z}/\mathrm{K}\mathrm{o}\mathrm{j}\mathrm{i}\mathrm{m}\mathrm{a}-\mathrm{S}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{o}\mathrm{h}-$
Hara $[6]/\mathrm{M}\mathrm{o}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{i}\mathrm{r}\mathrm{o})$ , dual $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ ,
. , ,
. , SDP
. , , .




$S^{n}\subset \mathrm{R}^{n\mathrm{x}n}$ $n\cross n$ . $Q=[Q_{pq}]\in \mathrm{R}^{n\mathrm{x}n},$ $V=[V_{pq}]\in \mathrm{R}^{n\mathrm{x}n}$
$Q\bullet$ $V$ $Q\bullet$ $V= \mathrm{R}[Q^{\mathrm{T}}V]=\sum_{p=1}^{n}\sum_{q=1}^{n}Q_{pq}V_{pq}$ . $S_{+}^{n}\subset S^{n},$ $S_{++}^{n}\subset S_{+}^{n}$
, $n\cross n$ .
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’ $m$), $X\in S_{+}^{n}$ ;
$\}$ (1)
$\sum_{p=1}^{m}A_{p}z_{p}+\mathrm{Y}=C$, $\mathrm{Y}\in S_{+}^{n}$ .
, $A_{p}\in S^{n}(p=1,2, \cdots, m),$ $b=(b_{p})\in \mathrm{R}^{m},$ $C\in S^{n}$ . , $X\in S^{n},$ $\mathrm{Y}\in S^{n}$ ,
$z=(z_{p})\in \mathrm{R}^{m}$ .
, $A_{p}(p=1,2, \cdots, m),$ $b,$ $C$ SDP (1) SDP $(A_{1}, \cdots, A_{m}, b, C)$
. , .
2.1. $A_{p}(p=1,2, \cdots, m)$ 1 .
22. $P$ $D$ . , $X\in S_{++}^{n}$ $\mathrm{Y}\in S_{++}^{n}$ $P,$ $D$
$X$ $(\mathrm{Y}, z)$ .
22 , $P$ $D$ $\overline{X}$ $(\overline{\mathrm{Y}},\overline{z})$ ([7], Theorem 42.1). SDP (1)
, $\mu>0$ $(\mathrm{C}\mathrm{P}_{\mu})$ $(X, \mathrm{Y}, z)$
.
$(\mathrm{C}\mathrm{P}_{\mu})$ : $A_{p}\bullet X=b_{p}$ , $(p=1,2, \cdots, m)$ , (2)
$\sum_{p=1}^{m}A_{p}z_{p}+\mathrm{Y}=C$, (3)
$X\mathrm{Y}=\mu I$ , (4)
$X,$ $\mathrm{Y}\in S_{++}^{n}$ . (5)
$I$ $n\cross n$ . , $(X, \mathrm{Y}, z)$ $(\mathrm{C}\mathrm{P}_{\mu})$ $(X, \mathrm{Y}, z)\in(\mathrm{C}\mathrm{P}_{\mu})$
. , .
23([6], Theorem 3.1). $\mu>0$ , $(X, \mathrm{Y}, z)\in(\mathrm{C}\mathrm{P}_{\mu})$ .
, $(\mathrm{C}\mathrm{P}_{\mu})$ , $\muarrow 0$
SDP (1) . SDP
, . , $(X, \mathrm{Y}, z)\in$
$S_{++}^{n}\cross S_{++}^{n}\cross \mathrm{R}^{m}$ , $(X, \mathrm{Y}, z)$ $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ , (6)$-(8)$
$(dX, d\mathrm{Y}, dz)\in S^{n}\cross S^{n}\cross \mathrm{R}^{m}$ [6].
$A_{p}\bullet dX=r_{Xp}$ , $(p=1,2, \cdots, m)$ , (6)
$\sum_{p=1}^{m}A_{p}dz_{p}+d\mathrm{Y}=R_{Y}$ , (7)
$(dX+dX’)\mathrm{Y}+Xd\mathrm{Y}=H$ for some $dX’\in\hat{S}^{n}$ . (8)
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, $\ovalbox{\tt\small REJECT}^{n}$ $n\cross n$ . , $rx\ovalbox{\tt\small REJECT}(rx_{p})\mathrm{C}\mathrm{R}^{m},$ $R_{Y}\in \mathrm{S}^{n},$ $H\in \mathrm{S}^{n}$
.
$r_{Xp}=b_{p}-A_{p}\bullet$ $X$, $R_{\mathrm{Y}}=C- \sum_{p=1}^{m}A_{p}z_{p}-\mathrm{Y}$, $H=\mu I-X\mathrm{Y}$. (9)
(6)$-(8)$ $(dX,d\mathrm{Y}, dz)$ , [6].
3.
$G$ , $P\in \mathrm{R}^{n\mathrm{x}n}$ $D\in \mathrm{R}^{m\mathrm{x}m}$ $G$ $n$ $m$
. SDP $(A_{1}, \cdots, A_{m}, b, C)$ $g\in G$ .
$g$ : $(A_{1}, \cdots, A_{m}, b, C)\mapsto(\tilde{A}_{1}(g), \cdots,\tilde{A}_{m}(g),\tilde{b}(g),\tilde{C}(g))$ ,
,
$\tilde{A}_{q}(g)=\sum_{p=1}^{m}P(g)^{\mathrm{T}^{\acute{l}}}A_{p}P(g)D_{pq}(g)$ , $(q=1,2, \cdots, m)$ , (10)
$\tilde{b}_{q}(g)=\sum_{p=1}^{m}b_{p}D_{pq}(g)$ , $(q=1,2, \cdots, m)$ , (11)
$\tilde{C}(g)=P(g)^{\mathrm{T}}CP(g)$ . (12)
$A_{1},$
$\cdots,$ $A_{m},$ $b,$ $C$
$(A_{1}, \cdots, A_{m}, b, C)=(\tilde{A}_{1}(g), \cdots,\tilde{A}_{m}(g),\tilde{b}(g),\tilde{C}(g))$ , $\forall g\in G$ (13)
, “SDP $(A_{1}, \cdots, A_{m}, b, C)$ $G$ ” . ,
$\tilde{A}_{p}(g),\tilde{b}(g),\tilde{C}(g)$ $\tilde{A}_{p},\tilde{b},\overline{C}$ .





, $P(g)^{-\mathrm{T}}=(P(g)^{-1})^{\mathrm{T}}$ . $(X, \mathrm{Y}, z)$
$(X, \mathrm{Y}, z)=(\tilde{X}(g),\tilde{\mathrm{Y}}(g),\tilde{z}(g))$ , $\forall g\in G$ (17)
, “ $(X, \mathrm{Y}, z)$ $G$ ” .
, $G$ .
3.1. $SDP$ $(A_{1}, \cdots, A_{m}, b, C)$ $G$ , $\mu>0$ $(X, \mathrm{Y}, z)\in(\mathrm{C}\mathrm{P}_{\mu})$
$G$ .
216
Proof. $(X, \mathrm{Y}, z)\in(\mathrm{C}\mathrm{P}_{\mu})$ . ,
$\tilde{A}_{p}\bullet$
$\tilde{X}=(\sum_{q=1}^{m}P^{\mathrm{T}}A_{q}PD_{qp})\bullet$
$(P^{-1}XP^{-\mathrm{T}})$ (from (10) and (14)) (18)
$= \sum_{q=1}^{m}\mathrm{H}[(P^{\mathrm{T}}A_{q}P)(P^{-1}XP^{-\mathrm{T}})]D_{qp}$
$= \sum_{q=1}^{m}\mathrm{T}\mathrm{r}[A_{q}X]D_{qp}$
$= \sum_{q=1}^{m}b_{q}D_{qp}$ (from (2))
$=\tilde{b}_{p}$ . (from (11))
SDP $(A_{1}, \cdots, A_{m}, b, C)$ $G$ (13) , (18) $A_{p}\bullet$ $\tilde{X}=b_{p}$ . ,
$\tilde{X}$ (2) . , (3) ,
$\sum_{p=1}^{m}\tilde{A}_{p}\overline{z}_{p}+\tilde{\mathrm{Y}}$ (19)
$= \sum_{p=1}^{m}\sum_{q=1}^{m}\sum_{r=1}^{m}(P^{\mathrm{T}}A_{q}PD_{qp})((D^{-1})_{pr}z_{r})+P^{\mathrm{T}}\mathrm{Y}P$ (from (10), (15) and (16))
$= \sum_{q=1}^{m}P^{\mathrm{T}}A_{q}Pz_{q}+P^{\mathrm{T}}\mathrm{Y}P$
$–P^{\mathrm{T}}( \sum_{q=1}^{m}A_{q}z_{q}+\mathrm{Y})P$
$=\tilde{C}$ , (from (3) and (12))
. , (3) $G$ . (13), (19) , $\sum_{p=1}^{m}A_{p}\tilde{z}_{p}+\overline{\mathrm{Y}}=$. $C\text{ }$. .
, $(\tilde{\mathrm{Y}},\tilde{z})$ (3) . , $(\tilde{X},\tilde{\mathrm{Y}})$ (4) . ,
$\tilde{X}\tilde{\mathrm{Y}}=(P^{-1}XP^{-\mathrm{T}})(P^{\mathrm{T}}\mathrm{Y}P)$ (from (14) and (15))
$=P^{-1}(X\mathrm{Y})P$
$=P^{-1}(\mu I)P$ (from (4))
$=\mu I$ .
, (5) $\tilde{X},\tilde{\mathrm{Y}}\in S_{++}^{n}$ .
, $(\mathrm{C}\mathrm{P}_{\mu})((2)-(5))$ $G$ , $(\tilde{X},\tilde{\mathrm{Y}},\tilde{z})$ $(\mathrm{C}\mathrm{P}_{\mu})$ . $(\mathrm{C}\mathrm{P}_{\mu})$
( 23) , $(X, \mathrm{Y}, z)$ (17) .
4.
, $(X, \mathrm{Y}, z)$ $(X, \mathrm{Y}, z)\in S_{++}^{n}\cross S_{++}^{n}\cross \mathrm{R}^{m}$ .
, $(X, \mathrm{Y}, z)$ $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ $(dX, d\mathrm{Y}, dz)\in S^{n}\cross S^{n}\cross \mathrm{R}^{m}$ ,
(6)$-(8)$ .
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$(dX, d\mathrm{Y}, dz)$ [ $g\in G$ $g:(dX, d\mathrm{Y}, dz)\mapsto(d\tilde{X}(g), d\tilde{\mathrm{Y}}(g),\tilde{d}z(g))$
. $d\tilde{X}(g),$ $d\tilde{\mathrm{Y}}(g),\tilde{d}z(g)$ $\tilde{X}(g),\tilde{\mathrm{Y}}(g),\tilde{z}(g)$ (14)-(16) .
$g\in G$ { $(dX, d\mathrm{Y}, dz)=(d\overline{X}(g), d\tilde{\mathrm{Y}}(g),\tilde{d}z(g))$ , “ $(dX, d\mathrm{Y}, dz)$
$G$ ” .
$r_{X},$ $R_{Y},$ $H$ $g\in G$ , (9) . , $r_{\tilde{X}}(g),\tilde{R}_{\mathrm{Y}}(g),\tilde{H}(g)$ (9)
$A_{p},$ $b,$ $C,$ $X,$ $\mathrm{Y},$ $z$ $\tilde{A}_{p}(g),\tilde{b}(g),\tilde{C}(g),\tilde{X}(g),\tilde{\mathrm{Y}}(g),\tilde{z}(g)$
. , $(X, \mathrm{Y}, z)$ $G$ $r_{X}$ , $R_{Y},$ $H$ $G$ . ,
$dX’$ $g\in G$ $g$ : $dX’\mapsto d\tilde{X}’(g)=P(g)^{-1}dX’P(g)^{-\mathrm{T}}$ .
41. $SDP$ $(A_{1}, \cdots, A_{m}, b, C)$ $G$ , $(X, \mathrm{Y}, z)$ $G$ , $HRVW/KSH/M$
$G$ .
Pmof. 31 , (6)$-(8)$ $G$ , .
41 , SDP $(A_{1}, \cdots, A_{m}, b, C)$ $G$ , $(X, \mathrm{Y}, z)$ $G$ ,
dual $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ $\mathrm{N}\mathrm{T}$ [8] $G$ .
, $(X^{0}, \mathrm{Y}^{0}, z^{0})\in S_{++}^{n}\cross S_{++}^{n}\cross \mathrm{R}^{m}$ $G$
. , 41 , $G$ .
5.
$G$ SDP , ,





, $[11, 12]$ .
$G$ , $G$ SDP
.
5.1.
$K\in S^{n}$ , $Ms\in S^{n}$ , $M_{0}\in S^{n}$ .
, $n$ . ( 2 ) $\Omega_{r}$ ,
$\Phi_{r}\in \mathrm{R}^{n}$ , $\Omega_{r}$ $\Phi_{r}$ .
$K\Phi_{r}=\Omega_{r}(Ms+M_{0})\Phi_{r}$ , $(r=1,2, \cdots, n)$ . (20)
$b=(b_{p})\in \mathrm{R}^{m},$ $z=(z_{p})\in \mathrm{R}^{m}$ . $m$









$\Omega_{r}\geq\overline{\Omega}$ , $(r=1,2,$ $\cdots$
$z_{p}\geq\overline{z}_{p}$ , $(p=1,2,$ $\cdots$
218








$z_{p}\geq\overline{z}_{p}$ , $(p=1,2, \cdots, m)$ .
, $K_{p},$ $M_{p}$ ,
$K_{p}= \frac{\partial K}{\partial z_{p}}$ $M_{p}= \frac{\partial M_{S}}{\partial z_{p}}$ , $(p=1,2, \cdots, m)$ (23)
, .
52. $D’$ $G$
3 , 1 , .
, ,
[11]. , 1 $.\text{ }$ 6 2
.
, $D’$ , $D(g),$ $P(g)$ .
$G$ . $g\in G$ 1 . ,
$\Pi=\{\Pi(p)|p=1,2, \cdots, m\}$ 1, 2, $\cdots,$ $m$ , $g\in G$ $p$ $q=\pi(p)$
. $D(g)=[D_{pq}(g)]$ .
$D_{pq}(g)=\{$
1 $(q=\pi(p), p=1,2, \cdots, m)$ ,
0(otherwise).
(24)
, , $b$ .
$b=D(g)^{\mathrm{T}}b$ , $\forall g\in G$ . (25)
$u\in \mathrm{R}^{n}$ . $g\in G$ , $u$ $\tilde{u}$ } ,
$\tilde{u}=P(g)^{\mathrm{T}}u$
. $P(g)\in \mathrm{R}^{n\cross n}$ , $g\in G$
, . , $P(g)$
.
, $g\in G$ , $\tilde{u}$
. , $K$ $Ms$ $g\in G$ $g:K\mapsto\tilde{K}$ $g:Ms\mapsto\tilde{M}s$ ,
.
$\tilde{K}(g)=P(g)^{\mathrm{T}}KP(g)$ , $\tilde{M}_{S}(g)=P(g)^{\mathrm{T}}M_{S}P(g)$ . (26)
$p$ $\pi(p)$ , .






(23), (24), (26), (27) ,
$K_{q}= \sum P(g)^{\mathrm{T}}K_{p}P(g)D_{pq}(g)m$ , $M_{q}= \sum P(g)^{\mathrm{T}}M_{p}P(g)D_{pq}(g)m$ , $\forall g\in G$ (28)
$p=1$ $p=1$
. $M_{0}$ , .
$M_{0}=P(g)^{\mathrm{T}}\grave{M}_{0}P(g)$ , $\forall g\in G$ . (29)
(25), (28), (29) , $g\in G$ ,
$(\overline{K}_{1}-\overline{\Omega}\tilde{M}_{1}, \cdots,\tilde{K}_{m}-\overline{\Omega}\tilde{M}_{m},\tilde{b},\overline{\Omega}\tilde{M}_{0})=(K_{1}-\overline{\Omega}M_{1}, \cdots, K_{m}-\overline{\Omega}M_{m}, b,\overline{\Omega}M_{0})$
. (13) , SDP $\sigma$ $G$ .
31 , $y$ $(X, \mathrm{Y}, z)\in(\mathrm{C}\mathrm{P}_{\mu})[]\mathrm{h}z=D(g)^{-1}z$ . , 41
, $G$ $(X, \mathrm{Y}, z)$ $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ $(dX,d\mathrm{Y}, dz)$ $dz=D(g)^{\mathrm{T}}dz$
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, , 2058 $\mathrm{G}\mathrm{P}\mathrm{a}$ , $786\cross 10^{-3}\mathrm{k}\mathrm{g}/\mathrm{c}\mathrm{m}^{3}$ .
, $\overline{\Omega}=1000$ $\mathrm{r}\mathrm{a}\mathrm{d}^{2}/\mathrm{s}^{2}$ . SDP , SDPA [13] .
24 1 . 2.1 $\cross 10^{5}\mathrm{k}\mathrm{g}$
, . $\overline{z}=0$ . $s$ $xz$
, $r(\varphi)$ $z$ $\varphi$ . 6 2 $\mathrm{D}_{6}$ ,
.
$\mathrm{D}_{6}=\{r(\frac{2\pi k}{6}),$ $sr( \frac{2\pi k}{6})|k=0,$ $\cdots,$ $5\}$ .
1 $\mathrm{D}_{6}$ .
SDPA $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ 2 . ,
. , 7 $\mathrm{D}_{6}$ .
5.4. 5
3 5 , 2 (SQP)
, . 1000cm, $\overline{z}_{p}=10.0\mathrm{c}\mathrm{m}^{2}$
$(p=1,2, \cdots, 8)$ . 1 . $a$ $b$ 2.1 $\cross 10^{5}\mathrm{k}\mathrm{g}$ , $c$
$2.1\cross 10^{6}\mathrm{k}\mathrm{g}$ . $x$ $y$ .
, 2 2 $\mathrm{D}_{2}$ .
$\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M},$ $\mathrm{N}\mathrm{T}$ , AHO (Alizadeh-Haeberly-Overton [5]) 3
SQP 2 . , ,
. , , 4








$G$ , $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ , dual $\mathrm{H}\mathrm{R}\mathrm{V}\mathrm{W}/\mathrm{K}\mathrm{S}\mathrm{H}/\mathrm{M}$ ,
$\mathrm{N}\mathrm{T}$ 3 $G$ . , $G$






, . 2 ,
$G$ .
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